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During a 7-month period, we isolated 21 highly fluoroquinolone-resistant Enterobacter cloacae strains in
units from two hospitals in Marseille, France. Random amplification of polymorphic DNA showed clonal
identity between isolates which, furthermore, presented the Enterobacter hormaechei genotype on DNA-DNA
hybridization. The emergence of this clone was observed only in patients treated with fluoroquinolones.

Clinically, Enterobacter cloacae and Enterobacter aerogenes
are the most common species in the genus Enterobacter. For 10
years, the two species have been increasingly considered as
causing infections in hospitalized patients (8, 9, 18). They are
characterized by resistance to broad-spectrum beta-lactam
agents by producing extended-spectrum b-lactamase and in-
ducible chromosome-encoded cephalosporinase (1, 14, 19).
Current outbreaks caused by E. cloacae are specifically corre-
lated with the heavy use of extended-spectrum beta-lactams or
aminoglycosides (11, 19). During 7 months, we noted a sur-
prisingly frequent isolation rate in the laboratory of E. cloacae
strains phenotypically similar to each other and highly resistant
to fluoroquinolones. To determine whether they were epide-
miologically related, typical emergent isolates were compared
by the random amplification of polymorphic DNA (RAPD)
(20), which has been described as a useful tool for the epide-
miological typing of Enterobacter spp. (5, 6, 10, 11).
Between November 1994 and May 1995, we collected 21

clinical E. cloacae isolates from 15 infected or colonized pa-
tients in seven units in two hospitals in Marseille, France (Ta-
ble 1). Patients 1 to 14 were hospitalized in different units of a
same hospital, and patient 15 was hospitalized in a nephrology
unit of the other hospital. None of these patients was trans-
ferred from one hospital to the other during the study period.
The locations of the patients concerned raised the question of
patient-to-patient transmission.
An epidemiological investigation led us to conclude that no

medical relationships were evident between patients from dif-
ferent units. Except for a common food service, the two hos-
pitals had independent medical staffs and equipment.
The strains were isolated on media from routine clinical

specimens: bronchial secretions, urine samples, closed cavity
drainage specimens, catheters, and wound swabs. From one to
three strains were studied per patient, depending on the du-
ration of hospitalization. All isolates were considered nosoco-
mially acquired because samples were taken at least 48 h after
hospitalization. Four reference strains, the type strain (ATCC
49162) and three strains obtained from the Collection of In-
stitut Pasteur (Paris, France) (strains 4911-84, 4104-83, and
4521-86), were analyzed. For controls for the RAPD typing

technique, we used two E. cloacae and two E. aerogenes strains
isolated during the same period from patients in the two hos-
pitals. All strains were identified by the API 20 E identification
system (bioMérieux, Marcy L’Etoile, France) according to the
manufacturer’s instructions. The strips were incubated at 308C
for 1 day. Carbon source utilization tests were done with Bio-
type-100-carbon source strips (bioMérieux) (2). According to
the manufacturer’s guidelines, the strips were inoculated with
Biotype 1 assimilation medium and incubated at 308C. Read-
ings were done on days 2 and 4. Susceptibilities to 44 antimi-
crobial agents were determined by the standard disk diffusion
method on Mueller-Hinton agar (bioMérieux) (16). The iso-
lates were investigated for molecular typing by RAPD as pre-
viously described (6). We used primers AP12H (59-CGGCCC
CTGT-39) and HLW74 (59-ACGTATCTGC-39). As in a
previous study (21), strains were considered different if their
profiles differed by two or more bands. For DNA-DNA hy-
bridization, 2-mg samples of native DNAs were labelled by nick
translation with a nick translation kit (Boehringer Mannheim
Biochemicals, Indianapolis, Ind.) by using tritium-labelled nu-
cleotides (Amersham International, Amersham, England).
The procedures for the hybridization experiments in which the
S1 nuclease-trichloracetic acid method was used were per-
formed as described previously (3, 13). Experiments were per-
formed twice to verify reproducibility. Both DNAs were la-
belled and hybridized with unlabelled DNA to avoid errors due
to possible differences in genome sizes.
The 21 clinical strains presented the same API numerical

profile 1305573, corresponding to Enterobacter intermedius in
the 1990 edition of the analytical profile index and E. cloacae
in the 1994 edition. However, with the Biotype-100-carbon
source strips, they presented the typical pattern for E. hormae-
chei, with the number of positive characters ranging from 56 to
60. These differences were probably due to different adapta-
tions of the isolates in patients. The E. hormaechei strains
studied by O’Hara et al. (17), as well as the reference strains
obtained from the Collection of Institut Pasteur, were lysine
decarboxylase and gelatinase negative, generally ornithine de-
carboxylase, arginine dihydrolase, and urease positive, and fer-
mented sucrose and L-rhamnose but not sorbitol and meli-
biose. However, the strains isolated during this outbreak
presented a few characteristics atypical of E. hormaechei: they
were sorbitol positive and melibiose positive. On DNA hybrid-
ization, they presented a homology of 80% with the E. hor-
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maechei type strain. The 21 clinical E. cloacae isolates with the
E. hormaechei genotype presented identical susceptibility pat-
terns (Table 2), an inducible chromosomal cephalosporinase,
and were susceptible to the majority of extended-spectrum
cephalosporins and to all aminoglycosides. All the isolates
were identically highly resistant to the four fluoroquinolones
tested (pefloxacin, ofloxacin, norfloxacin, and ciprofloxacin),
with MICs ranging from 256 to 1,024 mg/liter. The patients
concerned were treated by fluoroquinolones at least 3 days
before the appearance of E. cloacae with the E. hormaechei
genotype (Table 1). One patient was treated for 64 days with
pefloxacin for spondylitis without bacterial isolation. All pa-
tients except for three were treated for infection due to Enter-
obacter spp. or E. coli. The others were treated by a fluoro-
quinolone for an infection without isolation of bacteria. On
RAPD testing, all clinical isolates presented identical profiles

with the two primers and were different from control or refer-
ence strains (Fig. 1).
E. cloacae was recently found to be genetically heteroge-

neous, and five DNA groups were evidenced (12). E. hormae-
chei fell in E. cloacae DNA group 3. The biotype 100 database
for members of the family Enterobacteriaceae was updated to
take these DNA groups into consideration. From these results,
we believe that these infections were due to the dissemination
of a clone of E. cloacae isolates with the E. hormaechei geno-
type characterized by high resistance to fluoroquinolones after
fluoroquinolone treatment, as observed after norfloxacin treat-
ment in a previous study (7). The isolates are genotypically
identical to each other and belong to the genotype E. hormae-
chei. No similar isolate was identified in a retrospective study
of strains isolated in our laboratory since 1990. The origin of
this clone is unknown, since no common source was found. An

FIG. 1. Representative RAPD fingerprints obtained with primer AP12H (A) or HLW74 (B). (A) Lanes 1 and 2, control E. cloacae isolates; lane 3, control E.
aerogenes isolate; lanes 4 to 18, 15 of the 21 clinical E. cloacae isolates; lanes 19 to 22, reference E. hormaechei strains. (B) Lanes 1 and 2, control E. cloacae isolates;
lanes 3 and 4, E. aerogenes isolates; lanes 5 to 19, 15 of the 21 clinical E. cloacae isolates; lanes 20 to 23, reference E. hormaechei strains. Lanes M, size marker VI.
Numbers to the left and right indicate size in base pairs.

TABLE 1. Treatment, clinical, and bacteriological data for patients

Patient Warda Hospitalization procedure,
disease, or condition

First
bacterium
isolated

Antibiotic
therapy

Treatment
start date
(day/mo/yr)

Date (day/mo/yr)
of isolation of E.
hormaechei

Delay between start of
treatment and isolation
of E. hormaechei
(no. of days)

1 ICU Aortic dissection E. aerogenes Pefloxacin 01/09/94 13/09/94 12
2 ICU Acute respiratory failure E. aerogenes Ciprofloxacin 02/09/94 14/09/94 12
3 Surgery Spondylitis Pefloxacin 10/08/94 13/10/94 64
4 Cardiology Cardiac failure E. aerogenes Pefloxacin 29/10/94 02/11/94 18
5 Nephrology 1 Acute renal failure E. cloacae Pefloxacin 28/10/94 02/11/94 6
6 Nephrology 1 Acute renal failure E. aerogenes Pefloxacin 01/11/94 04/11/94 3
7 ICU Acute respiratory failure E. cloacae Pefloxacin 30/10/94 12/11/94 13
8 Neurology Inhalation pneumonia Ciprofloxacin 22/11/94 26/11/94 4
9 Cardiology Mitral surgery E. aerogenes Sparfloxacin 14/11/94 26/11/94 12
10 Neurology Pneumonia Pefloxacin 10/12/94 13/12/94 3
11 Gastroenterology Mesenteric infarctus E. cloacae Ciprofloxacin 10/03/95 15/03/95 5
12 ICU Thymoma E. aerogenes Ciprofloxacin 15/05/95 24/05/95 9
13 ICU Acute respiratory failure E. cloacae Pefloxacin 15/04/95 26/05/95 11
14 Nephrology 1 Acute renal failure E. coli Pefloxacin 01/06/95 04/06/95 3
15 Nephrology 2 Acute renal failure E. coli Norfloxacin 01/06/95 08/06/95 7

a ICU, intensive care unit.
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epidemiological investigation was performed, but no relation-
ships between patients except for a common food service could
be demonstrated. As observed for Stenotrophomonas malto-
philia with imipenem (4), these clones of E. cloacae emerged
specifically with fluoroquinolone treatment; E. hormaechei was
not isolated without fluoroquinolone treatment. A few months
later, we observed a decrease in the Enterobacter species iso-
lation after actions taken by the medical staffs of the two
hospitals, in order to reduce the prescription of fluoroquino-
lones. E. cloacae strains with the E. hormaechei genotype have
the pecularity of being susceptible to extended-spectrum
cephalosporines, which points to the existence of porins. The
mechanism of resistance to quinolones is probably an efflux
mechanism or mutations of the region of the gyrA gene that
determines resistance to quinolones, as observed for Esche-
richia coli (15). Most of the E. hormaechei strains studied by
O’Hara et al. were isolated from clinical samples (17). To our
knowledge, no E. hormaechei outbreak had been reported be-
fore.
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TABLE 2. Comparison of antibiotic susceptibility patterns of
E. hormaechei reference strains and E. cloacae clinical isolates

Antibiotic

Antibiotic susceptibilitya

E. hormaechei
reference strains
(including the
type strain)

E. cloacae
clinical isolates

Penicillin G R R
Piperacillin S S
Imipenem S S
Cephalothin R R
Cefoxitin R R
Cefotaxime S S
Ceftriaxone S S
Ceftazidime S S
Latamoxef R R
Gentamicin S S
Tobramycin S S
Netilmicin S S
Amikacin S S
Cotrimoxazole S S
Pefloxacin S R
Ofloxacin S R
Ciprofloxacin S R
Fosfomycin S S

a R, resistant; S, susceptible.
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